Wavelength Division Multiplexing (WDM) networks have been adopted as a near-future solution for the broadband Internet. In previous work we proposed a new architecture, named Enhanced Grooming (G+), that extends the capabilities of traditional optical routes (lightpaths). In [3, 4, 5, 6] problem. The model studies the network throughput and the number of OEO conversions made. An heuristic is also proposed.
INTRODUCTION
Wavelength-Division-Multiplexing (WDM) technology has increased network capacity to unprecedent limits in order to satisfy the increasing requirements of the Internet. A (WDM) network consists of a set of interconnected Wavelength-Routing Switches (WRS) that route traffic demands by means of I. A lightpath is a wavelength circuit that connects a pair of WRS in order to transmit data all-optically between them.
Most demands require sub-wavelength bandwidth. If each demand is routed through a unique lightpath, there will be unallocated bandwidth. In order to prevent this, several demands can be multiplexed in the same wavelength. This is denominated Traffic Grooming [1] . When traffic grooming is performed, a lightpath can forward several demands together and a demand can be forwarded by different consecutive lightpaths. However, to be able to do that, demands need to be multiplexed in the electronic domain. Therefore incurring in conversions between the optical and electronic domain that increase the traffic delay.
In [2] a new architecture for performing traffic grooming, named Enhanced Grooming (G+), is proposed. G+, allows a transparent WRS to aggregate more traffic over optical routes (lighttours) without signal regeneration. The performance of the new architecture is evaluated using a 0-1 Integer Lineal Programming (ILP) link-based model that solves the TRAFFIC GROOMING, ROUTING AND WAVELENGTH ASSIGNMENT (GRWA) [3, 4, 5, 6] problem. The model studies the network throughput and the number of OEO conversions made. An heuristic is also proposed.
In this paper the operating cost of performing G+ and classical grooming is studied by analyzing the prices of the components that each node uses to route a given set of demands. This is done by using a new path-based ILP model that takes into account the components market prices and minimizes the total cost. Due to the complexity of the model, the network is assumed to have full wavelength conversion.
NETWORK ARCHITECTURES
In this section both architectures considered in this paper [7] . ICTON 2007 In order to route traffic, a classical WRS works as follows: For the EO case traffic queued electronically is retransmitted over a wavelength using a tunable transmitter (T) then it enters the Photonic Cross Connect (PXC) that routes it to the corresponding output wavelength port where it is multiplexed (by the mux) and finally sent through the fiber. For the OE case the lightpath comes from an input port and it is demultiplexed (by the demux). Then the wavelength carrying the lightpath enters the PXC where is redirected to a set of receivers (R) that convert it to the electronic domain and store it in the Electronic Switch for electronic processing. Finally for the 00 case the lightpath comes from an input port and it is demultiplexed (by the demux). Then the wavelength carrying the lightpath enters the PXC where is redirected to the corresponding output port where it is multiplexed (by the mux) and finally sent through the fiber.
B. G+ Network architecture
The G+ architecture is depicted in Figure 1 . The one presented in [2] has been slightly adjusted due to the market availability of the node components. Nevertheless both architectures have the same functionality. In order to route traffic G+ node works as follows: Fig. 1 . G+ WRS architecture. For the 00 case the lighttour comes from an input port and it is demultiplexed (by the demux). Then the wavelength enters the PXC where is redirected to the corresponding output port. Then, it is tapped and a fraction of its light is redirected to the )-monitor device. It enters the fiber delay line, then it is merged and multiplexed with the traffic sent by the transmitter set in EO (in case it was sent) using the mux. For the EO case the node, based on the information the )-monitor device and information traffic queued electronically, selects a free (without a lighttour or with one that has a free slot) port and wavelength, then the traffic is retransmitted over it using a tunable transmitter set. Then it enters the Multiplexers of the corresponding output port where it is multiplexed and merged with the forwarded lighttour (if any) and finally sent through the fiber. Finally for the OE case is the same as in the classical lightpaths architecture. 3 Table 2 .
The operating cost of a network equipped for performing G+ is calculated. The component prices are based on the number of wavelengths they handle and a cost function which is estimated for each node based on the components that the node uses in order to route the demands.
We define the cost of the extra components that are needed only in a G+ node as: 
CONCLUSIONS
In this paper, we outline the savings in operational expenditures incurred by using a new architecture, named Enhanced Grooming (GC), proposed in our previous work. The previously proposed architecture is briefly described and compared with the classical grooming architecture by highlighting the optical components used by each. The market prices for the optical components used were sought.
An Integer Linear Programming (ILP) model using a path-based formulation was proposed. The ILP model solves the well-known Grooming, Routing and Wavelength Assignment problem(GRWA) in a physical network with the goal to minimizing the operational cost of the total network.
The simulation results show that GC always have less expenditures than classical grooming. The fact is supported since all the solutions using the classical grooming architecture are also found using the GC architecture. Most operators aim at using single-hop routing in WDM networks. In this case, the revenues are around 15% with our architecture.
